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Abstract—The results of experimental measurements, molecular dynamics simulation, and theoretical calcu-
lations of the viscosity of a cobalt melt in a temperature range of 1400–2000 K at a pressure p = 1.5 bar cor-
responding to an overcooled melt at temperatures of 1400–1768 K and an equilibrium melt with temperatures
from the range 1768–2000 K are presented. Theoretical expressions for the spectral density of the time-
dependent correlation function of the stress tensor  and kinematic viscosity ν determined from the fre-
quency and thermodynamic parameters of the system are obtained. The temperature dependences of the
kinematic viscosity for the cobalt melt are determined experimentally by the torsional oscillation method;
numerically, based on molecular simulation data with the EAM potential via subsequent analysis of the time
correlation functions of the transverse current in the framework of generalized hydrodynamics; and by the
integral Kubo–Green relation; they were also determined theoretically with the Zwanzig–Mori memory
functions formalism using a self-consistent approach. Good agreement was found between the results of theo-
retical calculations for the temperature dependence of the kinematic viscosity of the cobalt melt using experi-
mental data and the molecular dynamics simulation results. From an analysis of the temperature dependence
of the viscosity, we obtain an activation energy of E = (5.38 ± 0.02) ×10–20 J.
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INTRODUCTION
Amorphous-forming f luids that do not crystallize
upon cooling and retain a disordered structure down
to very low temperatures are a subject of intensive
research in condensed matter physics [1–4]. A specific
feature of such systems is associated with the tempera-
ture dependence of the viscosity (or the structural
relaxation time), which varies by more than 15 orders
of magnitude when passing from the liquid to the
amorphous phase [5]. Amorphous metallic alloys
(AMAs) are of particular interest, since they have
unique physicomechanical properties [6–10]. Typi-
cally, AMAs are a multicomponent system with a high
glass-forming ability that forms an amorphous phase
at cooling with the rates  = ( ) K/s [11, 12]. As
shown in numerous molecular dynamics studies [13–19],
an amorphous phase can also be obtained in the case
of one-component (pure) metals as a result of super-
fast quenching (  K/s). It is noteworthy
that ferromagnetic transition metals (Fe, Ni, and Co),
which are widely used in the aerospace industry, rep-
resent a particular case of single-component glass-
forming metallic systems [7, 8, 20]. In this case,
cobalt, as compared with iron and nickel, remains
poorly understood. Thus, in particular, problems
related to transport processes (self-diffusion, viscosity,
thermal conductivity, and electrical conductivity) and
the mechanisms by which collective excitations pro-
pagate in an equilibrium liquid and supercooled cobalt
phases are unclear. This is partially due to the lack of
experimental viscosimetry, inelastic X-ray, and neu-
tron scattering data for this substance [20, 21]. The
known experimental data on the viscosity of equilib-
rium liquid cobalt obtained by different researchers
[22] reveal a significant (above 30%) discrepancy,
which indicates the need for further research to clarify
the absolute values of viscosity. Note that no viscosity
values of the supercooled cobalt melt are currently
found in the scientific literature.
This paper discusses the results of experimental
measurements and molecular dynamics calculations
of the viscosity of a cobalt melt in equilibrium liquid
and supercooled phases. The kinematic viscosity was
determined for the domain above and below the melt-
ing point Tm(Co) = 1768 K: in the experiment for the
temperature range T = 1506–1969 K and in simula-
tion for 1400–2000 K.
EXPERIMENTAL
Experimental measurements were carried out for
cobalt metal grade K0, which has a weight fraction of
cobalt of at least 99.98% and contains the following
impurities: 0.003% of Fe; less than 0.005% of Ni and C;
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